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(57)Abstract 

PROBLEM TO BE SOLVED: To find a range with 
precision between an object which is to be measured 
and the imaging lens of a observation optical system, for 
improved, in precision, image magnification and 
sensitivity correction for an accurate solid form 
information of the body, by flag-displaying a range- 
finding reference point of the object on a monitor for 
observing a moire fringe, related to a lattice projection 
type moire device provided with a fringe scan function. 
SOLUTION: A moire fringe measurement is performed 
while a projection lattice is fringe-scanned, a 3- 
dimension data of a body which is to be measured is 
calculated from the measuring result, a rangeHinding 
reference point P (X. Y. Z) of the object is selected from 
the 3-dimension data, and the range-finding reference 
point P (X, Y. Z) is flag-displayed on a monitor 18 for 
observing a moire fringe measurement. Thus, with a pixel 
flag-displayed as an index, a range between the object 
and the imaging lens is measured. 
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♦ NOTICES * 

JPO ind NCIPI are not reoponslblo for any 
danages caused by the u$e of thia translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2>)Mi>|i shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[ClaimCs)] 

[Claim 1] While having the projection optics and observation optical system which have the 
parallel optical axis of each other and making the image of a prqjectlon grid prcuect on the 
measured body according to said prcjection optics Image formation of the deformation lattice 
image formed on said measured body of said observation optical system Is carried out on the 
reference grid for observation. In the moire equipment which was constituted so that the Moire 
fringe which this produces might be observed, and was constituted so that said projection grid 
might be moved In the direction which intersects perpendicularly with the gridllne of said both 
grids in the flat surface which Intersects perpendicularly with said both opticals axis The three- 
dimension data of said measured body are computed from the Moire fringe observed while 
moving said projection grid. Moire equipment characterized by being constituted so that the 
ranging reference point on said measured body may be elected from this three-dimension data 
and this ranging reference point may be indicated by the flag on the monitor for Moire fringe 
observation. 

[Claim 2] Moire equipment according to claim 1 with which said ranging reference point is 
characterized by being the top-most vertices of said measured body. 



[Translation done.] 
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* NOTICES * 

iBV and NCIPI are not reaponaibla for any 
damagea cauaad by tha uaa of this translation. 

IThia document haa been tranalated by computer. So the tranalation may not reflect the original 
precisoly. 

2.»w* shows the word which can not be translated. 
3.1n the drawings, any words are not tranalated. 



DETAILED DESCFUPTION 



[Detailed Deaoription of the Invention] 
[0001] 

[Field of the Invention] This invention relates to moire equipment equipped with especially the 
fringe scanning function about the so-called grid projection type of moire equipment* 
[0002] 

[Description of the Prior Art] Conventionally, moire equipment ia l^nown as equipment for 
Incorporating solid configuration Information on the measured body easily for a short time. 
Although there are a thing of a grid exposure mold and a thing of a grid projection mold as moire 
equipment, since big reference grid of the latter like the former is unnecessary, it becomes what 
has the big measurement degree of freedom of the measured body. 

[0003] The above-mentioned grid prcuectlon mold moire equipment carries out Image formation 
of the deformation lattice image formed on the measured body of observation optical system on 
the reference grid for observation, and It is constituted so that the Moire fringe which this 
produces may be observed, while having the prqjeotion optics and observation optical system 
which have the parallel optical axis of each other and making tiie image of a projection grid 
project on the measured body according to projection optics. If it Is made to perform the fringe 
scan for which a projection grid is moved in the direction which intersects perpendiculariy with 
the gridline of both grids in the flat surface which intersects perpendicularly with both opticals 
axis in that case, since the concavo-convex Judgment of the measured body will be attained by 
observing the directivity of change of the Moire fringe to migration of a projection grid, it 
becomes possible to acquire the solid configuration information on the measured body 
(Japanese-Patent-Applioation-No. No. 32214 [ten to] specification). 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, by the Moire fringe formed on the 
measured body in the location near the taking lens of observation optical system, and the Moire 
fringe formed in a distant location, since the Moire fringe which appears on the monitor for Moire 
fringe observation is incorporated through observation optical system, even If it Is the thing of 
the same gridline spacing, an actual depth dimension becomes a mutually different thing. 
Therefore, in order to acquire the exact solid configuration Information on the measured body, It 
Is necessary to perform amendment of an image scale factor and sensibility according to the 
location of the depth direction of each point on the measured body< 

[0005] Since this image scale-factor amendment and correction by eensltlveness are relative 
location [ each point / on the measured body / data / of the measured body computed from a 
Moire fringe although It Is necessary to carry out according to distance absolutely / with the 
taking lens of observation optical system / three-dimension ]-to the last data on the measured 
body, observation of a Moire fringe needs to measure the distance of the measured body and a 
taking lens Independently. 

[0006] Although this range measurement will be performed by the measurement using 
measurement or a measuring instrument by the handicraft which used the measure etc.. since It 
is also a point used as the criteria of Image scale-factor amendment and correction by 
sensitiveness, the point set as the object of the range measurement on the measured body in 
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that oase is important when grasping correctly the location within the flat surface which 
intersects perpendicuiariy with that depth direction performs Image scale-factor amendment and 
correction by sensitiveness with a sufRoient precision. 

[0007] This invention is made in view of such a situation , and aims at offer the moire equipment 
which can aim at improvement In precision of the Image scale factor amendment which is needed 
in order to acquire the exaot solid configuration information on the measured body , and 
correction by sensitiveness In the moire equipment of the grid prcuection mold equipped with the 
fringe scanning function . 
[0008] 

[IVleans for Solving the Problem] The moire equipment of this invention enables it to perform 
range measurement with the talking lens of observation optical system with a sufficient precision 
as the measured body by Indicating the ranging reference point on the measured body by the flag 
on the monitor for Moire fringe observation. 

[0009] Namely* while the moire equipment of this invention is equipped with the projection optics 
and observation optical system which have the parallel optical axis of each other and making the 
image of a prqjeotion grid prqjeot on the measured body aooording to said prqjeotion optics 
Image formation of the deformation lattice Image formed on said measured body of said 
observation optioal system is oarried out on the referenoe grid for observation. In the moire 
equipment which was constituted so that the Moire fringe which this produces might be 
observed, and was constituted so that said prqjection grid might be moved in the direotlon whioh 
intersects perpendicularly with the gridlino of said both grids in the flat surface which Intersects 
perpendicularly with said both optlcals axis The three-dimension data of said measured body are 
computed from the Moire fringe observed while moving said projection grid. The ranging 
reference point on said measured body Is elected from this three-dimension data, and it is 
characterized by being constituted so that this ranging reference point may be indicated by the 
flag on the monitor for Moire fringe observation. 

[0010] In addition, although the above '^a ranging reference point" can adopt the point of the 
arbitration on the measured body, if the top-most vertices of the measured body are set up as a 
reference point, it can perform easily image scale-factor amendment after range measurement 
and correction by sensitiveness. 

[0011] Moreover as for said ranging referenoe point, it is desirable that they are the top-most 

vertices of said measured body. 

[0012] 

[Embodiment of the Invention] Hereafter* the gestalt of operation of this invention is explained 
using a drawing. 

[0013] Drawing 1 is the perspective view showing the moire equipment (three-dimension image 
scanner) concerning 1 operation gestalt of this invention. 

[0014] Like illustration this moire equipment 10 A measuring head 12 and the power-source 
device meohanioal component 14, Come to have a control section 16 and a monitor IB, and the 
solid configuration information and enoaustic (texture) information on the measured body 2 are 
incorporated in a measuring head 1 2. These solid configuration information and encaustic 
information are outputted to a control section 16 through the power-souroo device meohanical 
component 14, in a control section 16. synthetic processing of solid configuration information 
and the encaustic Information is carried out, the three-dimension image of the measured body 2 
is generated, and this is displayed on a monitor 18. The keyboard 20 and the mouse 22 are 
connected to the control section 1 6, and change actuation of the contents of a display, such as 
modification of the display include angle of the three-dimension image in a monitor 18. can be 
performed now to it by operating these. 

[0015] Incorporation of the solid configuration information in a measuring head 12 Is performed 
using grid projection mold moire topography. In drawin g 1 , the lattice plane Pg shown according 
to a two-dot chain line ahead of a measuring head 12 is a virtual criteria lattice plane in grid 
prqjeotion mold moire topography. 

[0016] Drawing 2 is the perspective view showing the appearance of a measuring head 12. and 
drawing 3 Is the perspective view showing the internal structure of a measuring head 12. 
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[0017] As shown In these drawings, projection optics 26, the observation optical system 28, and 
the measured body Illumination system 30 are established in casing 24, and this measuring head 
12 has become. 

[0018] Projection optics 26 comes to have the grid illumination system 38 which consists of the 
lamp 32 for projection, a heat ray cut-off filter 34, and a condensing lens 36, the projection grid 
40, and the projection lens 42, and, on the other hand, the observation optical system 28 has 
come to have a taking lens 44, the reference grid 46 for observation, and the television optical 
system 54 that consists of the field lens 48. a clinch mirror 50, and CCD camera 52. 
[0019] The projection lens 42 and the taking lens 44 are attached in the front faoe of casing 24 
as each of those optlcals axis Axl and Ax2 become parallel mutually. 
[0020] The grid Illumination system 38 is arranged so that the projection grid 40 may be 
irradiated from Hidari slanting back to an optioal axis Axl, and ablsreviation image formation of 
the image of the lamp 32 for projection is carried out to the entrance pupil location of the 
projection lens 42. The condensing lens 36 has the magnitude which covers the projection grid 
40 enough. 

[0021] On the other hand, the field lens 48 and the clinch mirror 50 of the reference grid 46 for 
observation and the television optical system 54 are arranged on the optical axis Ax2, and CCD 
camera 52 is arranged on the optical axis which broke into the right angle again by the mirror 50 
by return to the optical axis Ax2. The field lens 48 is arranged so that it may not leak and 
incidence of the flux of light which penetrated the reference grid 46 for observation may be 
carried out to CCD camera 52. 

[0022] The projection grid 40 and the reference grid 46 for observation all have mutually the 
gridline prolonged In the vertical direction in the equal pitch, and are prepared in the same flat 
surFace which intersects perpendicularly with opticals axis Ax1 and Ax2. And it is arranged by 
physical relationship the virtual criteria lattice plane Pg and conjugate so that image formation of 
the image of this projection grid 40 may be carried out to the virtual criteria lattice plane Pg 
(refer to drawlnE,..! ). it may be arranged by physical relationship the virtual criteria lattice plane 
Pg and coruugate and, as for the projection grid 40, image formation of the image of the virtual 
criteria lattice plane Pg may be carried out also for the reference grid 46 for observation to the 
reference grid 46 for observation on the other hand 

[0023] Drawing 4 Is a top view explaining the function as grid projection mold moire equipment of 
a measuring head 12. 

[0024] Like Illustration, while making the image of the projection grid 40 project on the measured 
body 2 according to projection optics 26 in this measuring head 12, image formation of the 
deformation lattice image formed on the measured body 2 of the observation optical system 28 
is carried out on the reference grid 46 for observation, and it is constituted so that the Moire 
fringe which this produces may be observed. 

[0025] Two or more fields shown as a continuous line parallel to the virtual criteria lattice plane 
Pg and the virtual criteria lattice plane Pg which are shown with a dashed line In .drawlng.4 will 
form the moire side, and a Moire fringe will be formed along with the curve which each [ these ] 
moire side and the measured body 2 intersect. Although the continuous line shows the moire 
side only to the near side of the virtual criteria lattice plane Pg at drawin g 4 , two or more moire 
sides are formed also in the back side of the virtual criteria lattioe plane Pg. Therefore, a Moire 
fringe is formed, when it has been arranged so that the measured body 2 may straddle the virtual 
criteria lattice plane Pg forward and backward. 

[0026] As shown in drawing 3 , the projection grid 40 is supported by the grid delivery device 56, 
and carries out both-^way migration horizontally (nomely, direction which intersects 
perpendicularly with tha gridline of the projection grid 40) into the flat surface which intersects 
perpendicularly with an optical axis Ax1 according to the grid delivery device 56. This grid 
delivery device 56 consists of pulse stages equipped with the pulse motor, and carries out both- 
way vibration (fringe scan) of the projection grid 40 covering the die length for one phase. In 
addition, it replaces with a pulse stage and may be made to perform both-way vibration using a 
piezoelectric device etc. 

[0027] Since the phase between the projection grid 40 and the reference grid 46 for observation 
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changes, d Moire fringe changes with migration of the prcuection grid 40 in connection with this. 
Then, the oonoavo-oonvex Judgment of the measured body 2 is performed by sampling the Imago 
of this Moire fringe every 1/4 phase In a control section 16 (referring to drawing.1 ). 
[0028] On the other hand, the reference grid 46 for observation is supported by the grid 
evacuation device 58, can be made to move horizontally into the flat surface which intersects 
perpendicularly with an optical axis Ax2 according to the grid evacuation device 58, and can take 
now alternatively the Moire fringe observation post located in the optical path of the observation 
optical system 28 by this, and the evacuation location from which it separated from the optical 
path. Migration of the reference grid 46 for observation Is performed by taking the grid 
evacuation knob 60 whioh prqjeots from the right lateral of oasing 24 in the grid evacuation 
device 58 with hand control. When the reference grid 46 for observation moves to an evacuation 
location, the limit switch 62 which detects this is attached in the grid evacuation device 58. 
[0029] Where the reference grid 46 for observation is set to a Moire fringe observation post It Is 
carried out, but the Moire fringe observation for incorporation of the solid configuration 
information on the measured body 2 will become possible [ photoing the two-dimensional Image 
of the measured body 2 with which the Moire fringe Is not formed ], if it Is made to evacuate the 
reference grid 46 for observation to an evacuation location. Then, in a measuring head 12, 
encaustic Information on the measured body 2 is incorporated by photography of this two- 
dimensional image. 

[0030] As shown in drawing 3 , as the measured body illumination system 30 is located between 
the observation optical system 28 as projection optics 26, It Is established This measured body 
illumination system 30 consists of the lamp 64 for lighting, a heat ray cut-off filter 66, and a 
diffiiser aperture 68 attached in the front face of casing 24, and carries out the diffusion 
exposure of the light from the lamp 64 for lighting to the front through the heat ray cut-off filter 
66 and the diffiiser aperture 68. 

[0031] Although the lamp 64 for lighting is In an astigmatism LGT condition In the case of Moire 
fringe observation, It is turned on in the case of two-dimensional image photography. Moreover, 
it has become as [ put / this lighting actuation is interiocked with and / the light / the lamp 32 
for prqjection of the grid illumination system 38 ]. This lighting change is performed based on the 
detecting signal of a limit awitoh 62. 

[0032] Thus, since the two-^dimenslonal image of the measured body 2 will be photoed where the 
image of the prqjection grid 40 is formed if two-dimensional image photography is performed in 
the condition [ having made the lamp 32 for projection freely turn on without making the lamp 64 
for lighting turn on ], the lighting change on the lamp 64 for lighting from the lamp 32 for 
projection is performed for avoiding this in the case of two-dimensional image photography. In 
addition, since the effect of the image of the projection grid 40 will become very small even if it 
made the lamp 32 for projection turn on freely if the lamp 64 for lighting is made to turn on. It is 
not necessarily required for lighting actuation of the lamp 64 for lighting to be interiocked with, 
and to make the lamp 32 for projection switch off. 

[0033] Cooling fans 70 and 72 are attached in the left lateral and tooth back of casing 24, and 
the heat which the lamp 32 for prqjeotion and the lamp 64 for lighting emit by thia is discharged 
to the exterior of casing 24. In that case, by the septa 74 and 76 formed in casing 24* the heat 
which both the lamps 32 and 64 emit is efficiently led to a cooling fan 70, further, another 
septum 78 is formed between CCD camera 52 and a septum 76, a heat insulation way is formed 
between both [ these ] the septa 76 and 78, and the air in a heat insulation way (heaO Is led to a 
cooling fan 72. And it prevents certainly that the heat which both the lamps 32 and 64 emit gets 
across to CCD camera 52 by this, and CCD camera 52 is protected. 

[0034] As shown in draw i ne 2 , the cold suction holes 80 and 82 are formed in the upper part 
part of both the lamps 32 and 64 in the top face of oasing 24, and this raises the exhaust heat 
effectiveness by cooling fans 70 and 72. 

[0035] Moreover, the electric power switch 84 and the energization display lamp 86 other than 
the grid evacuation knob 60 are formed in the right lateral of casing 24, and the electronic 
substrate 88 is formed in the inside side. Moreover, from the right lateral of casing 24, the power 
source and the code 90 for signals are prolonged, and the connector 92 for power sources, the 
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connector 94 for control signals, and the oonnactor 96 for TV signals connect with the power* 
source device mechanical conriponent 14 (refer to drawing 1 ) in the other end. 
[0036] By the way, by the Moire fringo formed on the measured body 2 in the location near the 
taking lens 44 of the observation optical system 28, and the Moire fringe formed in a distant 
location, since the Moire fringe which appears on a monitor 18 is incorporated through the 
observation optical system 28 of a measuring head 12, even If It is the thing of the same gridline 
spacing, an actual depth dimension becomes a mutually different thing. Therefore, in order to 
acquire the exact solid configuration Information on the measured body 2, it is necessary to 
amend an image scale factor according to the location of the depth direotion of each point on 
the measured body 2. 

[0037] For this reason, in this operation gestalt, while measuring the distance of the top-most 
vertices of the measured body 2, and a taking lens 44 in the case of observation of a Moire 
fringe, based on that ranging data, image scale^aotor amendment and correction by 
sensitiveness of each point on the measured body 2 are performed. Since the point set as the 
ranging object on the measured body 2 in that case is also a point used as the criteria of Image 
scale-factor amendment and correction by sensitiveness, It needs to grasp correctly the 
location within the flat surface (x, y flat surface) which intersects perpendicularly with the depth 
direction (the direction of z). 

[0038] Then, in this operation gestalt, the top-most vertices of the measured body 2 are elected 
as a ranging reference point on the measured body 2, and it is constituted so that these top- 
most vertices may be Indicated by the flag on a monitor 18. 

[0039] Drawing 5 Is drawing showing the procedure of the top-*'most-^ertlces election performed 
in the case of Moire fringe observation, range measurement, image scale-factor amendment, and 
correction by sensitiveness. 

[0040] First, Moire fringe measurement performs top-most-vertices election (SD, That is, after 
performing striped analysis of a Moire fringe after capturing the image of a Moire fringe, 
performing a fringe scan, and performing height count with an intemal-acUustment value, the 
three-dimension data (x y, z) of each point on the measured body 2 are computed, and top- 
most-vertices election is performed from this three-dimension data. Next, the elected top-most 
vertices are Indicated by the flag on a monitor 18 (S2). If an operator checks this top-most- 
vertices location by which it was indicated by the flag and O.K. input is performed (S3X the 
distance of top-most vertices and a taking lens 44 will be measured automatically (S4). And after 
inputting the ranging numeric value automatically (S5), a height formula is calculated (SB) and 
image scale-factor amendment and correction by sensitiveness of each point on the measured 
body 2 are perFormed based on the result of an operation (87). 

[0041] Drawing 6 Is drawing showing the concrete procedure of the top-most-vertices election 
by Moire fringe measurement of step SI. 

[0042] First, the image of the measured body 2 with which 1 / 2pi [ every ] phase shifted is 
captured. If brightness I of the point Is placed with II, 12, 13, and 14 paying attention to one point 
P (x y) of each incorporation image in that case, It can express, as shown in this drawing (a). 
[0043] It Is phi=tan when it asks for the phase phi of this point from four brightness data with 
which these phases differ. - 1 {(12-14) /(II -13)1 
It becomes. 

[0044] When this phase phi is calculated about each point and that phase count result is made 
into a graph, it comes to be shown in this drawing (bX The maximum In this graph is 2pl, and 
serves as a curve which broke off to every 2pi. 

[0045] When ANRAPPU processing which makes phase connection of this curve is performed to 
this intermittent curve, it comes to be shown in this drawing (c). Since height z (relative depth 
dimension of each point of the measured body 2) of each point of the image when setting the 
height per Moire fringe 1 stripes to delta (dolta=2pl) Is obtained by this, the top-most vertices of 
the measured body 2 can be found. 
[0046] Namely, zl(x1. y1)-z2 (x2, y2) >=:0 (or> 0) 

It comes out, if it is, P (x1, y1, z1) will be chosen, and it is zKxl, y1)-z2(x2, y2) <0 (oK=0). 

It comes out, and If it is, comparison selection of choosing P (x2, y2, z2) will be performed over 
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the whole measurement field surface, and top-most vertices P (X. Y, Z) will be elected. 
[0047] Since the frame memory and the pixel of CCD correspond by 1 to 1 at this time, the 
coordinate In a frame memory and the coordinate on a monitor become the congruous things. 
[0048] Drawing 7 shows drawing which indicated the xy ooordinate value P (X, Y) of the elected 
top-most vertices P (X, Y, Z) by the flag on the monitor 18. This drawing (a) shows the example 
which Indicated by the flag to the image (for example, contour map) which displayed the Moire 
fringe analysis result, and this drawing (b) shows the example which indicated by the flag to a 
video through Image. If drawing which indicated by the flag is switched and displayed on a 
monitor 18 in these two kinds of modes, visual inspection of top-most vertices P (X, Y, Z) having 
been elected appropriately can bo ensured. 

[0049] Dra wing 8 is drawing for explaining how measuring automatically the distance of top-most 
vertices P (X, Y. Z) and a taking lens 44. 

[0060] This automatic measure is performed using the technique of a general automatic focus. 
[0051] First, on the occasion of an automatic measure, the reference grid 46 for observation is 
beforehand evacuated to an evacuation location. 

[0052] And after checking that lens 52L of CCD camera 52 is in a home position* i.e.* a criteria 
setup (1m) is made, the video signal of the pixel by which it was Indicated by the flag is 
observed. 

[0053] Next, lens S2L is moved in the direction of an optical axis, and peak detection is 
performed by the olimbing-a-mountain method. And amount of displacement deltaL of the depth 
direction of the point by the side of the body corresponding to this movement magnitude epsilon 
is computed from the movement magnitude epsilon of lens 52L when this peak detection Is 
performed. Distance L {L -L-deltaU of the top-most vertices P of the measured body 2 (X, Y, 
Z) and a taking lens 44 (principal point H) is obtained from the distance L of the point by the side 
of a body in case lens 52L is in a home position, and the principal point (body side principal 
point) H of a taking lens 44 by computing the value which lengthened amount of displacement 
deltaL. 

[0054] Peak detection by the above-mentioned climbing-a-mountain method Is performed by the 
procedure shown in drawing„9 . 

[0055] That is, as shown in this drawing (a), lens 52L of CCD camera 52 is moved in the 
direction of an optical axis, and as shown in this drawing (b), the image in each migration location 
is captured. In that case, as shown In this drawing (c), the output of the pixel corresponding to 
top-most vertices P (X, Y, Z) is plotted in a graph, and a lens location (namely, focusing point 
location) In case the output becomes max is determined as a peak detection location. 
[0056] At this time, as are shown in drawing J_Q (a), and the cross section of the direction of a x 
axis including the top-most vertices P in a peak detection location (X, Y, Z) and the direction of 
the y-axis is taken and it is shown In drawing.l O (b) and (c) If the output of each pixel of the 
direction of a x axis containing the pixel by which it was Indicated by the flag, and the direction 
of the y-axis is plotted in a graph, it is verifiable that top-most vertices P (X, Y, Z) are peak 
value in the above^^mentloned peak detection location. 

[0057] In addition, the following relational expression Is used for oalculation of amount of 
displacement deltaL of the point by the side of the above-mentioned body. 
[0058] That is, in drawing 8 , amount of displacement deitab of the image formation point formed 
with a taking lens 44 when the point by the side of a body does deltaL displacement of will be 
set to deltab=(f/(f-L))2deltaL, if the focal distance of a taking lens 44 Is sot to f. And the 
movement magnitude epsiicn of iens 52L of CCD camera 52 accompanying this will be set to 
ep3llon=(f /(f-L))2doltab rf the focal distance of lens 52L is made into f . Therefore, doitaL={(f-U 
(f-L) /f fl 2epsilcn is obtained from these 2 formula, 

[0059] In this operation gestalt although the case where distance of top-most vertices P (X, Y. 
Z) and a taking lens 44 was measured by the automatic measure was explained, it may be made 
to measure by handicraft using a measure etc. In this case, since the flag display of the top- 
most vertices P on a monitor 18 (X, Y, Z) Is performed in the both sides of the Image and video 
through image which displayed the Moire fringe analysis result, visual inspection of top-most 
vertices P (X, Y, Z) having been elected appropriately can be ensured. 
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[00603 

[Effoct of tho Invontion] The moiro equipment concemine this invention performs Moire fringe 
observation^ carrying out the fringe scan of the prcijectlon grid Since tt is constituted so that the 
three-dimension data of the measured body may be computed from that resuit, the ranging 
reference point on the measured body may be elected from this three-dimension data and this 
ranging reference point may be Indicated by the flag on the monitor for Moire fringe observation 
The point by which it was indicated by the flag can be made a mark, range measurement with the 
taking lens of observation optical system can be performed as the measured body, and the 
accuracy of measurement can be raised. And since the precision of image scale-factor 
amendment and correction by sensitiveness can be raised by this, the exact solid configuration 
information on the measured body can be acquired. 

[0081] In this case, processing of the top-most vertices of the measured body then image 
scale-factor amendment, and correction by sensitiveness can be easy-ized for tiie above- 
mentioned reference point. 



[Translation donej 
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♦ NOTICES * 

JPO and KCIPI are not reaponaible for any 
datag9$ caused by the use of this translation. 

LThis document has boon translatod by computer. So the translation may not rofleot the original 
precisely. 

2,^^^f^ shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to moire equipment equipped with especially the 
fiHnge scanning function about the so-called grid projection type of moire equipment. 



[Translation done.] 
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* NOTICES ♦ 

JPO and NCIPI are noft responsible for any 
dsnages cauaed by the use of this tranalaticm. 

I.Thts document has been translated by computer So the translation may not reflect the original 
precisely. 

shows the word which can not be translated, 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Conventionally, moire equipment is known as equipment for 
inoorporating solid configuration information on the measured body easily for a short time. 
Although there are a thing of a grid exposure mold and a thing of a grid prqjeotlon mold as moire 
equipment since big reference grid of the latter like the former Is unnecessary, It becomes what 
has the big measurement degree of freedom of the measured body. 

[0003] The above-mentioned grid projection mold moire equipment carries out image formation 
of the deformation lattice image formed on the measured body of observation optical system on 
the reference grid for observation, and it is constituted so that the Moire fringe whioh this 
produces may be observed, while having the projection optics and observation optical system 
which have the parallel optical axis of each other and making the image of a projection grid 
project on the measured body according to projection optics. If it is made to perform the fringe 
scan for which a projection grid is moved In the direction which intersects perpendicularly with 
the gridline of both grids in the flat surface which intersects perpendicularly with both optioals 
axis in that case, since the concavo-convex judgment of the measured body will be attained by 
observing the directivity of change of the Moire fringe to migration of a projection grid, it 
becomes possible to acquire the solid configuration information on the measured body 
(Japanese-Patent-Application-No, No. 32214 [ten to ] speclficationX 



[Translation done.] 
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* NOTICES * 

JPO and NCtPI are not responsible for any 
donages ciuood by the use of this translation. 

1. This dooument has been translated by oomputer. So the translation may not reflect the original 
precisely. 

2. ^*n^ shows the word whioh oan not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] The moire equipment concerning this invention performs Moire fringe 
observation, carrying out the fringe scan of the prcdection grid. Since it Is constituted so that the 
three-dimension data of the measured body may be computed from that result, the ranging 
reference point on the measured body may be elected from this three-dimension data and this 
ranging reference point may be Indicated by the flag on the monitor for Moire fringe observation 
The point by which it was indicated by the flag oan be made a mark, range measurement with the 
taking lens of observation optical system can be performed as the measured body, and the 
accuracy of measurement can be raised. And since the precision of image soaleH^aotor 
amendment and correction by sensitiveness can be raised by this, the exact solid configuration 
information on the measured body oan be acquired. 

[0061] In this oase, processing of the top-most vertices of the measured body then image 
scaloH^actor amendment and correction by sensitiveness can be easy-ized for the above- 
mentioned reference point. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not restNmolbIa for any 
danages caused by the uee of thie translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**»M< shows the word which can not bo translated 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the way, by the Moire fringe formed on the 
measured body In the location near the taking lens of observation optical system, and the Moire 
fringe formed in a distant location, since the Moire fringe which appears on the monitor for Moire 
fringe observation is incorporated through observation optical system, even if it is the thing of 
the same gridllne spacing, an actual depth dimension becomes a mutually different thing. 
Therefore, in order to acquire the exact solid configuration information on the measured body, it 
is necessary to perForm amendment of an image soale factor and sensibility according to the 
location of the depth direction of each point on the measured body. 

[0005] Since this image scale-factor amendment and correction by sensitiveness are relative 
location [ each point / on the measured body / data / of the measured body computed from a 
Moire fringe although It is necessary to carry out according to distance absolutely / with the 
taking lens of observation optical system / three-dimension ]^o the last data on the measured 
body, observation of a Moire fringe needs to measure the distance of the measured body and a 
taking lens independently. 

[0006] Although this range measurement will be performed by the measurement using 
measurement or a measuring Instrument by the handicraft which used the measure etc., since it 
is also a point used as the criteria of image scale-factor amendment and correction by 
sensitiveness, the point set as the object of the range measurement on the measured body In 
that oase is important when grasping correctly the location within the flat surface which 
intersects perpendicularly with that depth direction performs image scale-factor amendment end 
oorreotion by sensitiveness with a sufficient precision, 

[0007] This Invention is made in view of such a situation , and aims at offer the moire equipment 
which can aim at improvement In precision of the image scale factor amendment which is needed 
in order to acquire the exaot solid configuration information on the measured body , and 
correction by sensitiveness in the moire equipment of the grid projection mold equipped with the 
fringe scanning function . 



[Translation done.] 
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* NOTICES * 

JPO end NCIPI are not responsible for any 
danges caused by the use of thie translation. 

1. Thls document has been translated by computer. So the translation may not reflect the original 
preoisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated 



MEANS 



[Means for Solving the Problem] The moire equipment of this Invention enables it to perform 
range measurement with the taking lens of observation optical system with a sufficient precision 
as the measured body by indicating the ranging reference point on the measured body by the flag 
on the monitor for Moire fringe observation. 

[0009] Namely, while the moire equipment of this invention is equipped with the prqjecticn optics 
and observation optical system which have the parallel optical axis of each other and mal<lng the 
image of a projection grid project on the measured body according to said prcuection optics 
Image formation of the deformation lattice image formed on said measured body of said 
observation optical system is carried out on the reference grid for observation. In the moire 
equipment which was constituted so that the Moire fringe which this produces might be 
observed, and was constituted so that said prcuection grid might be moved in the direction which 
Intersects perpendicularly with the gridllne of said both grids in the flat surface which intersects 
perpendicularly with said both opticals axis The three-dimension data of said measured body are 
computed from the Moire fringe observed while moving said projection grid. The ranging 
reference point on said measured body Is elected from this three^dimenslon data, and it is 
characterized by being constituted so that this ranging reference point may be indicated by the 
flag on the monitor for Moire fringe observation. 

[0010] In addition, although the above "a ranging reference point" can adopt the point of the 
arbitration on the measured body, If the top-most vertices of the measured body are set up as a 
reference point, it can perform easily image scale-factor amendment after range measurement, 
and correction by sensitiveness. 

[001 1] Moreover, as for said ranging reference point, it is desirable that they are the top-most 

vertices of said measured body. 

[0012] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
using a drawing. 

[0013] Drawing 1. Is the perspective view showing the moire equipment (three-dimension image 
scanner) concerning 1 operation gestalt of this invention. 

[0014] Like illustration this moire equipment 10 A measuring head 12 and the power-source 
device mechanical component 14, Come to have a control section 16 and a monitor 18, and the 
solid configuration information and enoaustio (texture) information on the measured body 2 are 
incorporated in a measuring head 12. These solid configuration Infonmation and encaustic 
information are outputted to a control section 1 6 through the power^source device mechanical 
component 14, in a control section 16, synthetic processing of solid configuration information 
and the encaustic information is carried out the three-dimension image of the measured body 2 
is generated, and this is displayed on a monitor 18. The keyboard 20 and the mouse 22 are 
connected to the control section 1 6, and change actuation of the contents of a display, such as 
modification of the display include angle of the three-dimension image in a monitor 18» can be 
performed now to it by operating these. 

[0015] Incorporation of the solid configuration Information in a measuring head 12 is performed 
using grid projection mold moire topography. In drawing 1 , the lattice plane Pg shown according 
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to a two-dot chain lino ahead of a measuring head 12 is a virtual criteria lattice plane in grid 
projection mold moire topography. 

[0016] Prawir|g.2 is the perspective view showing the appearance of a measuring head 12, and 
drawin g 3 is the perspective view showing the internal structure of a measuring head 12. 
[0017] As shown in these drawings, projection optics 26, the observation optical system 28, and 
the measured body illumination system 30 are established in casing 24. and this measuring head 
12 has become. 

[001 8] Projection optics 26 comes to have the grid illumination system 38 which consists of the 
lamp 32 for projection, a heat ray cut-off filter 34, and a condensing lens 36, the projeotion grid 
40, and the projection lens 42, and, on the other hand, the observation optical system 28 has 
come to have a taking lens 44, the reference grid 46 for observation, and the television optical 
system 54 that consists of the field lens 48, a clinch mirror 50, and CCD camera 52. 
[0019] The proieotion lens 42 and the taking lens 44 are attaohed in the front face of casing 24 
as each of those opticals axis Axl and Ax2 become parallel mutually. 
[0020] The grid illumination system 38 is arranged so that the projeotion grid 40 may be 
irradiated from the method of the diagonally rear to the left to an optical axis Axl, and 
abbreviation image formation of the image of the lamp 32 for projection is carried out to the 
entrance pupil location of the projection lens 42. The condensing lens 36 has the magnitude 
which covers the projection grid 40 enough. 

[0021] On the other hand, the field lens 48 and the clinch mirror 50 of the reference grid 46 for 
observation and the television optical system 54 are arranged on the optical axis Ax2, and CCD 
camera 52 is arranged on the optical axis which broke Into the right angle again by the mirror 50 
by return to the optical axis Ax2. The field lens 48 is arranged so that it may not leak and 
Incidence of the flux of light which penetrated the reference grid 46 for observation may be 
oarned out to CCD camera 52. 

[0022] The projection grid 40 and the reference grid 46 for observation all have mutually the 
gridline prolonged in the vertical direction in the equal pitch, and are prepared in the same flat 
surface which intersects perpendioulariy wrth opticals axis Axl and Ax2. And it is arranged by 
physical relationship the virtual criteria lattice plane Pg and conjugate so that Image formation of 
the image of this projeotion grid 40 may be carried out to the virtual criteria lattice plane Pg 
(refer to drawing 1 ), it may be arranged by physical relationship the virtual criteria lattice plane 
Pg and conjugate and, as for the projection grid 40, Image formation of the Image of tiie virtual 
criteria lattice plane Pg may be carried out also for the reference grid 48 for observation to the 
reference grid 46 for observation on the other hand 

[0023] Prawjng_4 is a top view explaining the function as grid projection mold moire equipment of 
a measuring head 12. 

[0024] Like illustration, while making the Image of the projection grid 40 project on the measured 
body 2 according to projection optica 26 In this measuring head 12, image formation of the 
deformation lattice image formed on the measured body 2 of the observation optical system 28 
is carried out on the reference grid 46 for observation, end It Is constituted so that the Moire 
fringe which this produces may be observed. 

[0025] Two or more fields shown as a continuous line parallel to the virtual criteria lattice plane 
Pg and the virtual criteria lattice plane Pg which are shown witii a dashed line in draw ing 4 will 
form the moire side, and a Moire fringe will be formed along with the curve which each [ these ] 
moire side and the measured body 2 intersect. Although the continuous line shows the moire 
side only to the near side of the virtual criteria lattice plane Pg at drawin g 4 . two or more moire 
sides are formed also in the back side of the virtual criteria lattice plane Pg. Therefore, a Moire 
fringe is formed, when it has been arranged so that the measured body 2 may straddle the virtual 
oriteria lattice plane Pg forward and backward. 

[0026] As shown in drawin g 3 . the projeotion grid 40 is supported by the grid delivery device 56, 
and carries out both-way migration horizontally (namely, direction which Intersects 
perpendicularly with the gridline of the projection grid 40) into the flat surface whioh intersects 
perpendicularly with an optical axis Axl according to the grid delivery device 56. This grid 
delivery device 56 consists of pulse stages equipped with the pulse motor, and carries out both- 
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way vibration (fringe scan) of tho prqloctlon grid 40 covering the die length for one phase. In 
addition, it replaces with a pulse stage and may be made to perform both-way vibration using a 
piezoeleotrio device eto. 

[0027] Since the phase between the projection grid 40 and the reference grid 46 for observation 
changes, a Moire fringe changes with migration of the projecticn grid 40 In connection with this. 
Then, the concavo-convex Judgment of the measured body 2 Is performed by sampling the image 
of this Moire fringe every 1/4 phase in a oontrol section 16 (referring to drawing .1. ), 
[0028] On the other hand, the reference grid 46 for observation is supported by the grid 
evacuation device 58, can be made to move horizontally Into the flat surface which intersects 
perpendicularly with an optical axis Ax2 according to the grid evacuation device 58, and can tal<e 
now alternatively the Moire fringe observation post located In the optical path of the observation 
optical system 28 by this, and the evaouation location from which it separated from the optical 
path* Migration of the reference grid 46 for observation Is performed by taking the grid 
evacuation knob 60 which prqjects from the right lateral of casing 24 in the grid evacuation 
device 58 with hand control. When the reference grid 46 for observation moves to an evaouation 
location, the limit switch 62 which detects this Is attached in the grid evacuation device 58. 
[0029] Where the reference grid 46 for observation is set to a Moire fringe observation post it Is 
carried out. but the Moire fringe observation for Incorporation of the solid configuration 
information on the measured body 2 will become possible [ photoing the two-dimensional image 
of the measured body 2 with which the Moire fringe Is not formed ]. if it is made to evacuate the 
reference grid 46 for observation to an evacuation location. Then, in a measuring head 12, 
encaustic information on the measured body 2 is incorporated by photography of this two- 
dimensional Image. 

[0030] As shown in drawing 3 , as the measured body illumination system 30 is located between 
the observation optical system 28 as projection optics 26. it Is established. This measured body 
illumination system 3D consists of the lamp 64 for lighting, a heat ray cut-off filter 68, and a 
diffuser aperture 68 attached in the front face of casing 24, and carries out the diffusion 
exposure of the light from the lamp 64 for lighting to the front through the heat ray cut-off filter 
66 and the diffuser aperture 68. 

[0031] Although the lamp 64 for lighting is in an astigmatism LGT condition in the case of Moire 
fringe observation, it is turned on in the case of two-dimensional Image photography. Moreover, 
it has become as [ put / this lighting actuation Is InteHocked with and / the light / the lamp 32 
for projection of the grid illumination system 38 ]. This lighting change is performed based on the 
detecting signal of a limit switch 62. 

[0032] Thus, since the two-dimensional Image of the measured body 2 will be photoed where the 
image of the prqjection grid 40 is formed if two-dimensional image photography is performed in 
the condition [ having made the lamp 32 for projection freely turn on without making the lamp 64 
for lighting turn on ]. the lighting change on the lamp 64 for lighting from the lamp 32 for 
projection is performed for avoiding this in the case of two-dimensional image photography. In 
addition, since the effect of the image of the projection grid 40 will become very small even if it 
made the lamp 32 for projection turn on freely If the lamp 64 for lighting is made to turn on, it is 
not necessarily required for lighting actuation of the lamp 64 for lighting to be interiocked with, 
and to make tho lamp 32 for projection switch off. 

[0033] Cooling fans 70 and 72 are attached in the left lateral and tooth back of casing 24. and 
the heat which the lamp 32 for projection and the lamp 64 for lighting emit by tills is discharged 
to the exterior of casing 24. In that case, by the septa 74 and 76 formed in casing 24, the heat 
which both the lamps 32 and 64 emit is efficiently led to a cooling fan 70, further, another 
septum 78 is formed between CCD camera 52 and a septum 76, a heat insulation way Is formed 
between both [ these ] the septa 76 and 78. and the air In a heat Insulation way (heat) is led to a 
cooling fan 72. And it prevents certainly that the heat which both the lamps 32 and 64 emit gets 
across to CCD camera 52 by this, and CCD camera 52 is protected. 

[0034] As shown in drawing 2 , the cold suction holes 80 and 82 are formed in the upper part 
part of both the lamps 32 and 64 in the top face of casing 24. and this raises the exhaust heat 
effectiveness by cooling fans 70 and 72. 
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[0035] Moreover, the eleotrio power switch 84 end the energization display lamp 86 other than 
the grid evacuation knob 60 are formed in the right lateral of casing ZA, and tho oloctronio 
substrate 88 is formed In the Inside side. Moreover, from the right lateral of casing 24. the power 
source and the code 90 for signals are prolonged, and the connector 92 for power sources, the 
connector 94 for control signals, and the connector 96 for TV signals connect with the pcwer^ 
source device mechanical component 14 (refer to drawlnfl 1 ) In the other end. 
[0036] By the way, by the Moire fringe formed on the measured body 2 in the location near the 
taking lens 44 of the observation optical system 28, and the Moire fringe formed in a distant 
location, since the Moire fringe which appears on a monitor 18 is incorporated through the 
observation optical system 28 of a measuring head 12, even if it is the thing of the same gridllne 
spacing, an actual depth dimension becomes a mutually different thing. Therefore, in order to 
acquire the exact solid configuration information on the measured body 2, it is necessary to 
amend an Image scale factor according to the location of the depth direction of each point on 
the measured body 2. 

[0037] For this reason, in this operation gestatt, while measuring the distance of the top-most 
vertices of the measured body 2, and a taking lens 44 in the case of observation of a Moire 
fringe, based on that ranging data, image scale*factor amendment and correction by 
sensitiveness of each point on the measured body 2 are performed. Since the point set as the 
ranging obtJect on the measured body 2 In that case Is also a point used as the criteria of Image 
scale-factor amendment and correction by sensitiveness, it needs to grasp correctly the 
location within the flat surl^ce (x, y flat surface) which intersects perpendicularly with the depth 
direction (the direction of z). 

[0038] Then, in this operation gestatt, the top-most vertices of the measured body 2 are elected ' 
as a ranging reference point on the measured body 2, and it Is constituted so that these top^ 
most vertices may be indicated by the flag on a monitor 18* 

[0039] Drawing 5 is drawing showing the procedure of the top-most-vertioes election performed 
in the case of Moire fringe observation, range measurement Image scale-factor amendment, and 
correction by sensitiveness. 

[0040] First Moire fringe measurement performs top-most-vertices election (SI). That is, after 
performing striped analysis of a Moire fringe after capturing the Image of a Moire fringe, 
performing a fringe scan, and performing height count with an lntemal-a(liustment value, the 
three-dimension data (x y, z) of each point on the measured body 2 are computed, and top- 
most-vertices election is performed from this three-dimension data. Next, the elected top-most 
vertices are indicated by the flag on a monitor 18 (S2X If an operator checks this top-most- 
vertices location by which it was indicated by the flag and O.K. Input is performed (S3), the 
distance of top-most vertices and a taking lens 44 will be measured automatically (S4). And after 
inputting the ranging numeric value automatically (85), a height formula is calculated (86) and 
image scale-factor amendment and correction by sensitiveness of each point on the measured 
body 2 are performed based on the result of an operation (S7). 

[0041] Drawing 6 Is drawing showing the concrete procedure of the top-most-vertices election 
by Moire fringe measurement of step SI. 

[0042] First the image of the measured body 2 with which 1 / 2pi [ every ] phase shifted is 
captured If brightness I of the point is placed with II, 12, 13, and 14 paying attention to one point 
P (x y) of each inoorporation image in that case, it can express, as shown in this drawing (a). 
[0043] It is phi=tan when it asks for the phase phi of this point from four brightness data with 
which these phases differ. - 1 {(12-14) /(II-IS)} 
It becomes. 

[0044] When this phase phi is calculated about each point and that phase count result Is made 
into a graph, it comes to be shown in this drawing (b). The maximum in this graph is 2pi, and 
serves as a curve which broke off to every 2pi. 

[0045] When ANRAPPU processing which makes phase connection of this curve Is performed to 
this intermittent curve, tt comes to be shown in this drawing (c). Since height z (relative depth 
dimension of each point of the measured body 2) of each point of the image when setting the 
height per Moire fringe 1 stripes to delta (delta=2pi) is obtained by this, the top-most vertices of 
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the msasurod body 2 can be found, 

[0046] Namely. zKxI. y1)-z2 (x2, y2) >=0 (or> 0) 

It comes out, if it is, P (x1. yl, z1) will be chosen, and it is zKxl, y1)-22(x2, yZ) <0 (oK=0). 
It comes out, and if it is, comparison selection of choodlne P (x2, y2. z2) will be performed over 
the whole measurement field surface, and top-most vertices P (X, Y, Z) will be elected. 
[0047] Since the frame memory and the pixel of CCD correspond by 1 to 1 at this time, the 
coordinate in a frame memory and the coordinate on a monitor become the congruous things. 
[0046] Drawing 7 shows drawing which indicated the xy coordinate value P (X, Y) of the elected 
top-most vertices P (X, Y, Z) by the flag on the monitor 18, This drawing (a) shows the example 
which indicated by the flag to the image (for example, contour map) which displayed the Moire 
fringe analysis result, and this drawing (b) shows the example which indicated by the flag to a 
video through Image. If drawing which indicated by the flag is switched and displayed on a 
monitor 18 in those two kinds of modes, visual inspection of top-most vertices P (X. Y. Z) having 
been elected appropriately can be ensured. 

[0040] Drawing 8 is drawing for explaining how measuring automatically the distance of top-most 
vertices P (X, Y, Z) and a taking Ions 44, 

[0050] This automatio measure is performed using the technique of a general automatic focus. 
[0051] First on the occasion of an automatic measure, the reference grid 46 for observation Is 
beforehand evacuated to an evacuation location. 

[0052] And after checking that lens 52L of CCD camera 52 Is in a home position, i.e., a criteria 
setup (Im) Is made, the video signal of the pixel by which It was Indicated by the flag is 
observed. 

[0053] Next, lens 52L is moved in the direction of an optical axis, and peak detection is 
performed by the climbing-a-mountain method. And amount of displacement deltaL of the depth 
direction of the point by the side of the body corresponding to this movement magnitude epsilon 
Is computed from the movement magnitude epsilon of lens 52L when this peak detection is 
performed. Distance L' (L -L-deltaL) of the top-most vertices P of the measured body 2 (X, Y, 
Z) and a taking lens 44 (principal point H) is obtained from the distance L of the point by the side 
of a body in case lens 52L Is In a home position, and the principal point (body side principal 
point) H of a taking lens 44 by computing the value which lengthened amount of displacement 
deltaL 

[0054] Peak detection by the above-mentioned climbing-a-mountain method is performed by the 
procedure shown in drawing 9 , 

[0055] That is, as shown in this drawing (a), lens 52L of CCD camera 52 is moved in the 
direction of an optical axis, and as shown In this drawing (b), the Image in each migration location 
is captured. In that case, as shown in this drawing (o), the output of the pixel oorresponding to 
top-most vertices P (X, Y, Z) is plotted in a graph, and a lens location (namely, focusing point 
location) In case the output becomes max Is determined as a peak detection location. 
[0056] At this time, as are shown in drawing„1 0 (a), and the cross section of the direction of a x 
axis including the top-most vertices P in a peak detection location {X, Y, Z) and the direction of 
the y-axis is taken and it Is shown in dravying 10 (b) and (c) If the output of each pixel of the 
direction of a x axis containing the pixel by which it was indicated by the flag, and the direction 
of the y-axis is plotted in a graph, it is verifiable that top-most vertices P (X, Y, Z) are peak 
value in the above-mentioned peak detection location. 

[0057] In addition, the following relational expression is used for calculation of amount of 
dispiaoement deltaL of the point by the side of the above-mentioned body. 
[0058] That is, in drawing 8 , amount of displacement deltab of the Image fonmation point formed 
wXh a taking lens 44 when the point by the side of a body does deltaL displacement of will be 
set to deltab=(f/(f-L))2daltaL, if the focal distance of a taking lens 44 is set to f. And the 
movement magnitude epsilon of lens 52L of CCD camera 52 accompanying this will be set to 
epsiion=(f /(f-L))2deltab if the focal distance of lens 52L la made into f . Therefore. deitaL={(f-L) 
(f-L) /ff\ 2ep8ilon is obtained from these 2 formula. 

[0059] In this operation gestalt, although the case where distance of top-most vertices P (X, Y, 
Z) and a taking lens 44 was measured by the automatic measure was explained, it may be made 
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to measure by handicraft using a moasuro oto, In this case* since the flag display of the top* 
most vertices P on a monitor 18 (X, Y. Z) Is performed in the both sides of the Image and video 
through image which displayed the Moire fringe analysis result, visual inspection of top-most 
vertices P (X, Y, Z) having been elected appropriately can be ensured. 



[Translation done.] 
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* NOTICES ♦ 

JPO and NCiPl are not raspcmsible for any 
damgos causod by tha use of this translation. 

1 This document has been translated by oomputer. So the translation may not reflect the original 
precisely. 

2.%HHM( shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

CDrawjng.ll The perspective view showing the whole moire equipment configuration concerning 1 
operation gestalt of this invention 

[Drawlng_2l The perspective view showing the appearance of the measuring head of the moire 
equipment shown in drawmg 1 

[Drawing 3] The perspective view showing the internal structure of the measuring head shown in 
drawing 1 

[prawin£_4l The top view explaining the function of the measuring head shown In drawing 1 
[bravyjng. 5l The flow chart which shows the procedure of the top-most-vertices election 
performed in the case of the Moire fringe observation by the moire equipment shown in drawing 
1, range measurement, image scale-factor amendment, and correction by sensitiveness 
[Drawing 6] The schematic diagram for explaining the concrete procedure of the top-most- 
verticas election by Moire fringe measurement 

[Drawing 7] The schematic diagram showing the condition of having Indicated the elected top- 
most vertices by the flag on the monitor 

[Drawing 8] The schematic diagram for explaining how measuring automatically distance with the 
taking iens of observation optical system as top'-most vertices 

[Pz^wijig 9} The schematic diagram showing the procedure of the peak detection by the 
climbing-a-mountain method 

[ Drawing 10] The schematic diagram showing the verification approach of a peak deteotion 
location 

[Description of Notations] 
2 Measured Body 

10 Three-Dimension Image Scanner (Moire Equipment) 
12 Measuring Head 

14 Power-Source Device Mechanical Component 
1 6 Control Section 
18 Monitor 
24 Casing 

26 Projection Optics 

28 Observation Optical System 

30 Measured Body lilumination System 

32 Lamp for Projection 

36 Condensing Lens 

38 Grid Illumination System 

40 Projection Qrid 

42 Projection Lens 

44 Taking Lens 

46 Reference Grid for Observation 
48 Field Lens 
50 Clinch Mirror 
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52 CCD Camera 
52L Lens 

54 Television Optioal System 

56 Grid Delivery Device 

58 Grid Evacuation Device 

62 Limit Switch 

Ax1, Ax2 Optical axis 

Pg Virtual criteria lattice plane 

P (X. Y, Z) Top-most vertices (ranging reference point) 



[Translation done.] 
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